DESCRIPTION 



APPARATUS FOR PRODUCING SEEDLINGS AND 
METHOD OF PRODUCING SEEDLINGS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for 

M 

producing seedlings and a method of producing seedlings, which 
make possible, in producing grafted seedlings of fruit 
vegetables, to perform a consistent process from the culture 
of their stocks (rootstocks and scions) to welding after 
grafting at low cost. 

2. Description of the Related Art 

For fruit vegetables of the nightshade family (including 
tomatoes and eggplants), cucurbits (including cucumbers and 
watermelons) and others, their seedlings produced by grafting 
a rootstock to a scion of each in order to add the characteristics 
of the rootstock (including pathological resistance) to the 
scion are extensively used as seedlings superior in 
productivity and pathological resistance to seedlings known 
as non-grafted seedlings which undergo no grafting. 

These seedlings produced by grafting rootstocks and 
scions are called grafted seedlings. In a grafted seedling, 
the faces of a rootstock and a scion cut, either fully or 
partially, with a cutting tool are matched with each other 
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and the matched faces are agglutinated while, in some cases, 
being supported with a clip or a tube. This agglutination, 
also called rooting, has an effect to connect the vascular 
bundle tissues of the rootstockandof the scion, and to transfer 
moisture and nutrients from the rootstock to the scion and 
the anabolic products of photosynthesis by the scion to the 
rootstock. Therefore, in attempting to improve the effective 
yield of grafted seedlings,, it is essential to enhance the 
rooting rate of such grafted seedlings. 

In order to facilitate this rooting of grafted seedlings, 
the conditions of the environment in which the grafted 
seedlings are placed after grafting are important and, in 
particular, the phase of environment control during the few 
days immediately after grafting is called welding. During 
the welding, the vascular bundles of the rootstocks and the 
scions should be connected to each other in their respective 
cut faces so as to establish communication routes for moisture, 
nutrients and anabolic products between the rootstocks and 
the scions. In such a high-temperature high-humidity 
environment of little exposure to sunlight, rooting is 
acceleratedby restricting the evaporation of moisture through 
the stomata of the rootstocks and scions to thereby prevent 
the rootstocks and scions from drooping and restraining the 
drying of the area around the agglutinated faces . The welding 
of cucumbers, for instance, is often accomplished in an 

environment of high temperature, around 30*^0, relative 
humidity of nearly 100% and a luminous intensity of 3000 to 
5000 luxes when it is performed by a method known as young 
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seedling grafting in which grafting is done immediately after 
the generation of true leaves of the rootstock. 

In order to enhance the rooting rate of grafting by 
performing appropriate welding immediately after the grafting, 
conventional welding methods utilizing natural light in a 
welding facility (welding house or welding tunnel) have been 
extensively adopted. Namely, extensively applied methods 
using a welding facility include an artificially regulating 
method in which a tunnel covered with a covering material, 
such as a vinyl sheet, or a light-shield material is installed 
within a greenhouse, grafted seedlings are placed therein, 
and the air temperature and the relative humidity are adjusted 
by sprinkling water or opening or closing the tunnel covering 
material and the luminous environment is controlled with the 
light-shield material. On the other hand, another method 
using a welding apparatus is mainly used by seedling culture 
centers where grafted seedlings are produced year round, and 
has an advantage that, as the inside of the apparatus is a 
closed space isolated from the external environment, the 

■ 

environment therein can be automatically controlled as desired 
irrespective of climatic variations. 

As a method of seedling culture using artificial light 
instead of natural light, there has been proposed a method 
utilizing a closed-type transplant production system as 
disclosed in, for instance Japanese Patent Laid-Open No. 
2001-346450 (see Figure 4 therein) . This system is provided, 
in a closed space, with an artificial lighting unit using 
fluorescent lamps, multi-stage seedling culture shelves, an 
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automatic irrigation unit, an air conditioning unit using an 
air conditioning for household use , a carbon dioxide gas supply 
unit and so forth, and environment control by the artificial 
lighting unit, the air conditioning unit and other devices 
makes seedling culture unaffected by the external climatic 
conditions possible. 

However, these three methods involve the following 
disadvantages of their own. 

First, the method using a welding facility requires fine 
artificial adjustment according to climatic variations in the 
ambience, resulting in a greater labor requirement for 
management. Moreover, welding under weak lighting tends to 
make the grafted seedling feeble and, since the seedlings 
themselves are apt to lack vigor and to catch illness due to 
slow progress of the photosynthesis, no significant growth 
after the fix planting can be expected. Furthermore, 
acclimatization by gradually increasing the luminous 
intensity is usually required after the welding and, as this 
acclimatization takes a weekor longer, the seedlingproduction 
process is extended correspondingly. 

Next, by the method using a welding apparatus, as in the 
case of the above-described method using a welding facility/ 
welding under weak lighting tends to make the grafted seedling 
feeble and, since the seedlings themselves are apt to lack 
vigor and to catch illness due to slow progress of the 
photosynthesis, no significant growth after the fix planting 
can be expected. Further, acclimatization by gradually 
increasing the luminous intensity is usually required after 
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the welding and, as this acclimatization takes a weekor longer, 
the seedling production process is extended correspondingly. 
Moreover, since the inner space requires a moisture-proof and 
waterproof structure (in this specification 
'Vater-proof ness" is a broad concept covering 
moisture-proof ness and drip-proof ness as well) because of the 
environment control conditions, this not only is more expensive 
than a welding house but also the humid environment 
necessitates repairs. Namely, whereas fluorescent lamps are 
mainly used for the lighting unit, the fluorescent tubes are 
shielded by waterproof-structured covers, and the sockets of 
the fluorescent tubes are also totally closed. Also, the 
installation of a humidifier is indispensable, and mist from 
an ultrasonic humidifier and other sources is discharged into 
the inside of the apparatus. Whereas a humidity sensor has 
to be provided to control this humidifying operation, in a 
high relative humidity region of 95% or more, the detecting 
portion of the humidity sensor is usually susceptible to dew 
condensation, which means that deterioration of the detecting 
element is apt to progress. Furthermore, it is impossible 
to use an inexpensive household air conditioner for the 
temperature control purpose, but a refrigerating machine for 
business use, which is compatible with a high-humidity 
environment, is used. In this way, the welding apparatus has 
to be heavily equipped, requiring a waterproof structure and 
the like. As a result, it not only is more expensive than 
a welding house but also the humid environment necessitates 
repairs . 
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Finally/ as the closed-type transplant production system 
using artificial light is an apparatus exclusively intended 
for seedling culture, and is embodied with no consideration 
for the subsequent welding, a separate welding apparatus has 
to be installed in addition, inviting an increase in the overall 
cost of the apparatus for producing seedlings. 

Brief Summary of the Invention 
In view of the circumstances described above, an object 
of the present invention is to provide an apparatus for 
producing seedlings and a method of producing seedlings which 
are capable of carrying out the process from the seedling 
culture to welding without requiring an expensive waterproof 
structure to thereby restrain the initial cost and the running 
cost, capable of making acclimatization unnecessary to thereby 
shorten the seedling production process, capable of 
accelerating the growth of seedlings after their fix planting, 
and further capable of simplifying the management during 
welding by automating and saving the labor required in seedling 
culture and welding. 

An apparatus for producing seedlings according to a first 
aspect of the invention includes a closed-type structure (2) 
surrounded by light-interceptive thermally insulating walls, 
multi-staged seedling culture shelves (3) provided with a 
plurality of shelf boards (3a) capable of mounting grafted 
seedlings (8) thereon, the seedling culture shelves being 
disposed within the closed-type structure. Further, the 
apparatus includes an artificial lighting device (5) capable 



- 6 - 



of projecting light onto the grafted seedlings and a fan (4) 
capable of generating air stream over each stage of the seedling 
culture shelves, the artificial lighting device and the fan 
being installed on each stage of the seedling culture shelves; 
an air conditioning unit (6) capable of controlling the 
temperature and the humidity within the closed-type structure, 
a carbon dioxide gas supply unit (7) capable of supplying carbon 
dioxide gas into the closed-type structure, and a 
light-transmitting shield (9) detachably disposed to cover 
the grafted seedlings mounted on each of the shelf boards of 
the seedling culture shelves, the light-transmitting shield 
being provided with a plurality of vent holes (15) . 

The light-transmitting shield is not limited to what 
transmits light 100%, butmay be what transmits, for instance, 
50% (namely translucent ) of the light. As a typical example 
of artificial lighting device, a fluorescent lamp can be used. 
Further, an automatic irrigation device may be additionally 
installed as required. 

According to the apparatus for producing seedlings having 
such a configuration, by covering grafted seedlings with the 
light-transmitting shield after the seedling culture of 
rootstocks and scions, moisture evaporating from the 
rootstocks and the scions makes the relative humidity within 
the light-transmitting shield increase to thereby facilitate 
the rooting of the rootstock and the scions. Moreover, when 
the inner space of the light-transmitting shield has to be 
replenished with carbon dioxide gas which decreases with the 
progress of photosynthesis by the grafted seedlings, the air 
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stream generated by the fan over each stage of the seedling 
culture shelves accomplishes gas exchange through the vent 
holes formed in the light-transmitting shield, enabling carbon 
dioxide gas within the closed-type structure to be supplied 
to the light-transmitting shield and to facilitate 
photosynthesis by the grafted seedlings. This makes it 
possible, without having to rely on a welding apparatus 
provided with a waterproof structure, to accomplish both 
seedling culture and welding in a consistent process by using 
the sarae apparatus for producing seedlings, and to thereby 
substantially reduce the initial cost and the running cost. 

An apparatus for producing seedlings according to a second 
aspect of the invention is similar to the apparatus according 
to the first aspect, except that the plurality of vent holes 
(15) of the light-transmitting shield (9) are provided with 
means of varying the rate of hole area (i.e., amount of the 
vent hole that is open) thereof. 

The above-described apparatus makes it possible to finely 
and appropriately adjust the relative humidity and the 
concentration of carbon dioxide gas within the 
light-transmitting shield according to the phase of welding 
of the grafted seedlings. Namely, when a high relative 
humidity is required within the light-transmitting shield in 
order to facilitate the rooting of the rootstocks and the scions 
immediately after grafting, the relative humidity within the 
light-transmitting shield can be kept high by reducing the 
rate of hole area of the vent holes to near 0% . When the rooting 
of the rootstocks and the scions has made progress to stimulate 



- 8 - 



photosynthesis by the grafted seedlings and a high 
concentration of carbon dioxide gas is required within the 
light-transmitting shield, carbon dioxide gas within the 
closed-type structure can be introduced into the 
light-transmitting shield through the vent holes by raising 
the rate of hole area of the vent holes to near 100%, thereby 
enabling carbon dioxide gas required for the photosynthesis 
to be supplied into the light-transmitting shield. 

Amethod of producing seedlings according to a thirdaspect 
of the invention includes, when grafted seedlings (8) are to 
be produced by using the apparatus for producing seedlings, 
cultivating rootstocks and scions on the seedling culture 
shelves (3) of the apparatus, joining the cultivated rootstocks 
and scions with each other to prepare grafted seedlings, 
mounting the grafted seedlings on the shelf boards (3a) of 
the seedling culture shelves (3) , covering the grafted 
seedlings on each of the shelf boards with the 
light-transmitting shield (9) provided with the plurality of 
vent holes (15) , and projecting light of a predetermined 
luminous intensity onto the grafted seedlings from the 
artificial lighting device (5) of the apparatus through the 
light-transmitting shield. Further, the method includes 
controlling the temperature and the humidity within the 
closed-type structure (2) of the apparatus by the air 
conditioning unit (6) of the apparatus and supplying carbon 
dioxide gas into the closed-type structure by the carbon 
dioxide gas supply unit (7) while generating air stream over 
each of the shelf. board by the fan (4) to thereby enable gas 
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exchange between the inner space of the closed-type structure 
and the inner space of the light-transmitting shield to be 
carried out through the vent holes of the light-transmitting 
shield/ and performing welding of the grafted seedlings under 
this condition. 

The method of the present invention makes, it possible 
to accomplish both cultivation of rootstocks and scions and 
welding of grafted seedlings in a consistent process by using 

« 

the same apparatus for producing seedlings and to thereby 
substantially reduce the initial cost and the running cost. 
Also, during the welding period, covering of the grafted 
seedlings with the light-transmitting shield serves to 
increase the relative humidity within the light-transmitting 
shield with the moisture evaporating from the rootstocks and 
the scions and to thereby facilitate the rooting of the 
rootstock and the scions. Moreover, when the inner space of 
the light-transmitting shieldhas to be replenishedwith carbon 
dioxide gas whichdecreases with the progress of photosynthesis 
by the grafted seedlings, the air stream generated by the fan 
over each stage of the seedling culture shelves accomplishes 
gas exchange through the vent holes formed in the 
light-transmitting shield, enabling carbon dioxide gas within 
the closed-type structure to be supplied to the 
light-transmitting shield and to facilitate photosynthesis 
by the grafted seedlings. 

A method of producing seedlings according to a fourth 
aspect of the invention includes the method according to the 
third aspect, wherein defined by claim' 4 of the present 
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invention is characterized in that, in claim 3, by making 
controllable the rate of hole area of the plurality of vent 
holes (15) in the light-transmitting shield (9) , the quantity 
of gas exchange between the inner space of the closed-type 
structure (2) and the inner space of the light-transmitting 
shield (9) through the vent holes are made controllable - 

The above-described method makes it possible, as in the 
apparatus for producing seedlings defined by the second aspect 
of the invention, to finely and appropriately adjust the 
relative humidity and the concentration of carbon dioxide gas 
within the light-transmitting shield according to the phase 
of welding of the grafted seedlings. 

Further^ a method of producing seedlings according to 
a fifth aspect of the invention includes the method according 
to the fourth aspect, wherein the luminous intensity during 
the welding of the grafted seedlings (8) is set to between 

150 and 350 )imol/m /s in terms of the photosynthesis photon 
flux density (PPF) . 

» 

By the above-described method, the luminous intensity 
during the welding of the grafted seedlings raises to about 
three times the normal level or above, and so photosynthesis 
by the grafted seedlings during the welding is further 
facilitated, the step of acclimatization after the welding 
becomes unnecessary, and the growth facilitation after the 
fix planting is accelerated. 

Incidentally, parenthesized numerals in the foregoing 
description of the present invention are only for the sake 
of convenience in indicating the respectively corresponding 
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elements in the drawings, and therefore the invention is not 
limited or bound by illustrations in the drawings. The same 
applies to the description of claims attached hereto. 

Brief Description of the Drawings 

Figure 1 is a vertical section showing one embodiment 
of an apparatus for producing seedlings according to the 
present invention . 

Figure 2 is an enlarged longitudinal section showing the 
apparatus for producing seedlings shown in Figure 1 . 

Figure 3 is a perspective view showing an embodiment of 
light-transmitting shield having vent holes for use in the 
present invention . 

Figure 4 is a perspective view showing an embodiment of 
hole area adjusting plate for varying the rate of hole area 
of the vent holes in the light-transmitting shield. 

Figure 5 is a section showing an embodiment for slidably 
holding the hole area adjusting plate onto the 
light -transmitting shield. 

Figure 6A is a diagram illustrating a state in which the 
rate of hole area of the vent holes in the light-transmitting 
shield is adjusted to 0% with the hole area adjusting plate. 

Figure 6B is a diagram illustrating a state in which the 
rate of hole area of the vent holes in the light-transmitting 
shield is adjusted to 50% with the hole area adjusting plate. 

Figure 6C is a diagram illustrating a state in which the 
rate of hole area of the vent holes in the light-transmitting 
shield is adjusted to 100% with the hole area adjusting plate. 



1 
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Detailed Description of the Invention 
Eitibodiinents of the present invention will be described 
below with reference to the drawings. 

As shown in Figure 1 , the apparatus for producing seedlings 
1 has a closed-type structure 2 surrounded by 
light-interceptive thermally insulating walls, and two 
multi-staged seedling culture shelves 3 are disposed within 
the closed-type structure 2. Each of the seedling culture 
shelves 3 is provided with a plurality of (four in Figure 1) 
shelf boards 3a, and each shelf board 3a can be mounted with 
a plurality of grafted seedlings 8 in a form in which they 
are planted in the plugs of plug trays 10 on lower trays 11. 
Above each of the shelf boards 3a a fluorescent lamp 5 is fitted 
as an artificial lighting device as shown in Figure 1, so that 
light can be projected from the fluorescent lamp 5 onto the 
grafted seedlings 8 mounted on the shelf board 3a. Further^ 
each of the shelf boards 3a is detachably provided with a 
box-shaped light-transmitting shield 9 formed of acrylic 
plastic or some other synthetic resin as shown in Figure 2, 
so that the grafted seedlings 8 mounted on the shelf boards 
3a can be covered by the light-transmitting shield 9, 

Also, as shown in Figure 1, an air conditioning unit 6 
is installed in the closed-type structure 2, and the 
temperature and humidity in the closed-type structure 2 can 
be controlledby this air conditioning unit 6 . A carbon dioxide 
gas supply unit 7 is further provided in the closed-type 
structure 2, and carbon dioxide gas can be supplied into the. 
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closed-type structure 2 by this carbon dioxide gas supply unit 
7. 

Further, a fan 4 is provided in each stage of the seedling 
culture shelves 3 to generate an air stream over each stage, 
so that air in the closed-type structure, whose temperature 
and humidity are controlled by the air conditioning unit 6 
and carbon dioxide gas from the carbon dioxide gas supply unit 
7 can circulate over each stage of the seedling culture shelves . 

As the apparatus for producing seedlings 1 has the 
configuration described above, the procedure of producing 
grafted seedlings 8 of fruit vegetables such as the nightshade 
family or cucurbits by using this apparatus 1 is as follows. 

First, rootstocks and scions are separately cultivated 
on the seedling culture shelves 3 . Since this seedling culture 
is carried out in the atmosphere whose temperature and humidity 
in the closed-type structure 2 are controlled under appropriate 
artificial lighting, the hollow portions found in the 
hypocotyls under the cotyledons (lower hypocotyls) tend to 
be smaller than in those grown under natural light, and the 
hypocotyls to be thick andhard. As a result, stocks (rootstock 
and scions) with thicker and darker-colored leaves can be 
obtained. 

When the rootstocks and the scions have been cultivated 
in this way, these rootstocks and scions are taken out of the 
seedling culture shelves 3, cut and joined with each other 
to prepare grafted seedlings 8 . There is no particular 
restriction to the method of this grafting; employable methods 
include splice grafting in which the cut faces of the rootstock 
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and the scion are matched and held with a supporting device, 
such as a clip, and cut grafting in which the part of the 
rootstock above the cotyledon is cut off, a notch is cut into 
the tip thereof and a cut scion is inserted into the notch. 
At this grafting, the hypocotyls of the stocks (rootstocks 
and scions) are thick with little hollow portions as described 
above. This means that the vascular bundles in the hypocotyls 
are developed innumber and individual thickness, and therefore 
the vascular bundles of the rootstock and the scion are easier 
to be connected together at the time of agglutination . Further, 
the condition that the hypocotyls of the stocks (rootstock 
and scion) are hard means that the rootstock and the scion 
can be strongly pressed together at the time of agglutination, 
and contributes to enhancing the rooting rate. 

When the grafting seedlings 8 have been completed in this 
way, these grafted seedlings 8 are planted in the plugs of * 
the plug trays 10 on the lower trays 11 as shown in Figure 
2, and the lower trays are placed on the shelf board 3a of 
the seedling culture shelf 3 and covered with the 
light-transmitting shield 9. 

Then, light of a predetermined luminous intensity (e.g. 

150 to 350 |amol/m^/s in terms of the effective photon flux 
density of photosynthesis: three times the normal level or 
higher) is projected from the fluorescent lamp 5 onto the 
grafted seedlings 8 through the light-transmitting shield 9. 
At the same time, while an air stream is generated over each 
stage of the seedling culture shelves 3 by the fan 4 disposed 
on each of the shelves, the temperature and humidity within 
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the closed- type structure 2 are controlled by the air 
conditioning unit 6, and carbon dioxide gas is supplied into 
the closed-type structure 2 by the carbon dioxide gas supply 
unit 7. In this condition, welding of the grafted seedlings 
is carried out in the light-transmitting shield 9. 

Although a high relative humidity is required to 
facilitate the rooting of the rootstocks and the scions during 
the welding of the grafted seedlings and immediately after 
their grafting, moisture evaporates from the rootstocks and 
the scions of the grafted seedlings 8 within the 
light-transmitting shield 9 to raise the relative humidity 
to a range of 90 to 100% and facilitate the rooting of the 
rootstocks and the scions. 

On the other hand, as photosynthesis by the grafted 
seedlings is activated while the rooting of the rootstocks 
and the scions is being facilitated at higher luminous 
intensity than normal, the concentration of carbon dioxide 
gas within the light-transmitting shield 9 falls, constituting 
a factor to reduce the velocity of the photosynthesis . Namely, 
since carbon dioxide gas decreases and oxygen increases when 
photosynthesis by the grafted seedlings 8 is activated, the 
concentration of carbon dioxide gas within the 
light-transmitting shield 9 becomes lower than that outside 
the light-transmitting shield 9. For instance, when the 
concentration of carbon dioxide gas outside the 
light-transmitting shield 9 is 1000 ppm, the concentration 
of carbon dioxide gas inside the light-transmitting shield 
9 is 400 ppm. 



For this reason, according to the present invention, a 
plurality of vent holes 15 not large enough to adversely affect 
the humidified condition within the light-transmitting shield 
9 are provided in the wall faces of the light-transmitting 
shield 9 as shown in Figure 2 and Figure 3, As a result, the 
air stream (arrow A in Figure 3) generated over each stage 
of the seedling culture shelf by the fan causes gas exchange 
to be accomplished through the vent holes 15 provided in the 
light-transmitting shield 9. By this gas exchange, the carbon 
dioxide gas-containing atmosphere within the closed-type 
structure 2 can be supplied into the light-transmitting shield 
9 and carbon dioxide gas which decreases with the 
photosynthesis by the grafted seedlings can be replenished 
to thereby facilitate the photosynthesis by the grafted 
seedlings. 

Incidentally, the positions where the plurality of vent 
holes 15 are formed in the light-transmitting shield 9 is 
preferably in side faces 9a of the light-transmitting shield 
9, which are parallel to the direction of the air stream (arrow 
A) generated by the fans as shown in Figure 3. By forming 
the vent holes 15 in the side faces 9a of the light-transmitting 
shield, a staticpressure is generatedby the air streamf lowing 
in parallel to the side faces 9a, and this static pressure 
enables a gas exchange to be effectively accomplished between 
the inner space of the closed-type structure 2 and that of 
the light-transmitting shield 9, even if the vent holes 15 
are relatively small. As the top face 9b of the 
light-transmitting shield 9 also constitutes a plane parallel 
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to the flow of the air stream generated by the fans, forming 
vent holes 15 (not shown) in this top face 9b would also give 
a gas exchange effect due to the static pressure of the air 
stream similar to the above-described case. 

It is preferable that the plurality of vent holes 15 formed 
in the light-transmitting shield 9 are provided with means 
of arbitrarily varying their rate of hole area within a range 
from 0% (fully closed) to 100% (fully open) as desired. As 
the means of varying the rate of hole area, though subject 
to no particular limitation, a hole area adjusting plate 20 
shown in Figure 4 and Figure 5 can be used for instance. This 
hole area adjusting plate 20 is provided with a plurality of 
openings 21 respectively corresponding to the plurality of 
vent holes 15 formed in the light-transmitting shield 9 and 
is slidably held (see the directions of the arrow in Figure 
4) by a pair of guide frames 22 fixed on the outer face of 
the light-transmitting shield 9 in which the vent holes 15 
are formed. 

The operation of this hole area adjusting plate 20 will 
be described below with reference to Figure 6A through Figure 
6C. In order to facilitate the rooting of the rootstocks and 
the scions immediately after the grafting, the hole area 
adjusting plate 20 is slid to a position where the vent holes 
15 in the light-transmitting shield 9 and the openings 21 in 
the hole area adjusting plate 20 do not overlap each other 
as shown in Figure 6A. Thus, the hole area rate of the vent 
holes 15 is reduced to 0% (vent holes fully closed) or in its 
vicinity to keep the inner space of the light-transmitting 
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shield 9 in a closed or nearly closed state during the welding 
period in which a high relative humidity of80tol00%is required 
within the light-transmitting shield 9. 

When the photosynthesis by the grafted seedlings is 
activated by facilitating the rooting of the rootstocks and 
the scions, the concentration of carbon dioxide gas within 
the light-transmitting shield 9 becomes insufficient. 
Therefore, by gradually sliding the hole area adjusting plate 
20 to a state in which, for instance, half of each vent hole 
15 and half of each opening 21 overlap each other (hole area 
rate 50%) as shown in Figure 6B or the whole of each vent hole 
15 and the whole of each opening 21 overlap each other (hole 
area rate 100%) as shown in Figure 6C, the quantity of gas 
exchange between the inner space of the closed-type structure 
2 and that of the light-transmitting shield 9 can be increased 
to thereby gradually increase the concentration of carbon 
dioxide gas within the light-transmitting shield 9. Also in 
this case, the static pressure due to the flow of air stream 
(arrow A in Figure 3) generated by the fans causes gas exchange 
between the carbon dioxide gas-containing atmosphere within 
the closed-type structure 2 and the inner space of the 
light-transmitting shield 9 through the vent holes 15 to be 
effectively accomplished. The facilitation of gas exchange 
through the vent holes 15 produces air stream also within the 
light-transmitting shield 9 to stir the internal atmosphere 
therein. As a result, the temperature distribution, the 
humidity distribution and the distribution of the 
concentrations of carbon dioxide gas within the 



- 19 - 



light-transmitting shield 9 are evened to equalize the rooting 
and growth of the grafted seedlings. 

Incidentally, while increase of the hole area rate of 
the vent holes 15 in the light-transiaitting shield 9 by sliding 
the hole area adjusting plate 20 causes the concentration of 
carbon dioxide gas within the light-transmitting shield 9 to 
be raisedby gas exchange through the vent holes 15, the relative 
humidity drops on the other hand. However, the need to keep 
a high relative humidity gradually decreases with the progress 
of rooting of the rootstocks and the scions of the grafted 
seedlings,- and the need to raise the concentration of carbon 
dioxide gas gradually increase not to let the velocity of 
photosynthesis slow down. Therefore, the relative hiomidity 
drop within the light-transmitting shield 9 due to the increase 
of the hole area rate of the vent holes 15 and the rise of 
the concentration of carbon dioxide gas in the welding process 
of the grafted seedlings are not inconsistent with each other. 
By providing the hole area adjusting plate 20, it becomes 
possible to finely and appropriately adjust the hole area rate 
of the vent holes 15 between 0 and 100% according to the condition 
of rooting or growth of the grafted seedlings. 

As the means of varying the hole area rate of the plurality 
of vent holes 15 in the light-transmitting shield, various 
other means than the hole area adjusting plate 20 described 
above can be adopted as well. For instance, a structure in 
which ten vent holes 15 are formed in the light-transmitting 
shield and each of the vent hole 15 is provided with a detachable 
seal to individually block its hole area may be adopted. In 
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this structure, if all the ten vent holes are blocked, the 
hole area- rate will be 0%. Further, by peeling off the seals 
one by one, the hole area rate will be raised by 10% at a time, 
such that if all the seals are peeled off, the hole area rate 
will become 100%. In this way, the overall hole area rate 
of the plurality of vent holes 15 can be varied as desired 
between 0 and 100%. 

In the above-described embodiment for carrying out the 
present invention, since the luminous intensity during the 
welding of the grafted seedlings 8 is raised to about three 
times the normal level or above, photosynthesis by the grafted 
seedlings 8 during the welding is further facilitated and the 
growth facilitation after the welding is accelerated. Namely, 
as described above, since the culture of the stocks (rootstocks 
and scions) is carried out in the atmosphere within the 
closed-type structure 2 whose temperature and humidity are 
controlled under appropriate artificial lighting, the vigor 
of the rootstocks and the scions are strong, and the rooting 
of the grafted seedlings obtained from such rootstocks and 
scions are rapid. As a result, exposure to strong light even 
during the welding of the grafted seedlings 8 does not invite 
drooping or obstruct their rooting, rather serving as a factor 
to facilitate growth instead. 

When the welding of the grafted seedlings 8 is completed 
in this way, these grafted seedlings 8 are taken out of the 
apparatus for producing seedlings 1 and used for fix planting 
in the farm. Since the grafted seedlings 8 are exposed to 
a high luminous intensity (e.g. 150 to 350 )imol/m^/s) during 



the welding, their photosynthesis during the welding is 
facilitated, and accordingly the acclimatization step itself 
may be omitted. This is because the facilitation of the 
photosynthesis gives strong vigor to the grafted seedlings 
8, and thus they are enabled to stand even they are exposed 
to the strong light in the farm. 

Incidentally, though the description of the foregoing 
embodiment for carrying out the present invention referred 
to a case in which a box-shaped light-transmitting shield 9 
formed of synthetic resin was used, neither the material nor 
the shape of the light-transmitting shield 9 is not limited 
to these , but a sheet-shaped light-transmitting shield 9 formed 

* 

of unwoven cloth can as well be used for instance. 

Also, the description of the foregoing embodiment 
referred to a case in which the rooting of the rootstocks and 
the scions was facilitated by enclosing the moisture 
evaporating from the rootstocks and the scions of the grafted 
seedlings 8 within the light-transmitting shield 9 and thereby 
increasing the relative humidity, a humidifier (not shown) 
may be additionally disposed for auxiliary humidifying for 
the purpose of further facilitating the rooting. In this case, 
the humidifying effect is enhanced by adjusting the hole area 
rate of the vent holes 15 provided in the light-transmitting 
shield 9 to 0% or its vicinity. 

Further, though the description of the foregoing 
embodiment referred to a case in which the fluorescent lamp 
5 was used as the artificial lighting device, some other 
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artificial lighting device than the fluorescent lamp 5 (for 
instance a light emitting diode) can as well be substituted. 

Examples of the present invention will be describedbelow . 
<Example 1> 

Grafted seedlings were produced by grafting tomato scions 
(name of variety: House Momotaro) to tomato rootstocks (name 
of variety: Anchor T) using the method of producing seedlings 
according to the present invention. The conditions of 
cultivating the stocks were, for both tomato rootstocks and 
tomato scions, 16 hours/day in photoperiod duration, 25°C in 
photoperiod temperature, 25°C in darkperiod temperature, 270 
Hmol/m^/s in luminous intensity in terms of the photosynthesis 
photon flux density, and 1000 ppm in concentration of carbon 
dioxide gas. 

The conditions of welding the grafted seedlings after 

grafting were 16 hours/day in photoperiod duration, 25®C in 

photoperiod temperature, 25°C in darkperiod temperature, and 

210 jimol/m^/s in luminous intensity in terms of the 
photosynthesis photon flux density. Incidentally, although 

the hole area rate of the vent holes in the light-transmitting 
shield was so adjusted to make the relative humidity and the 
concentration of carbon dioxide gas within the 
light-transmitting shield 95% and 200 ppm, respectively, in 
the light period immediately after grafting and 85% and 800 
ppm, respectively, two days after the welding, the average 
concentration of carbon dioxide gas in the light period over 
the whole welding duration was 750 ppm. 
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As a result, since the number of days required for the 
culture of stocks was 12 days for both tomato rootstocks and 
tomato scions, and the number of days required for the welding 
after the grafting was six days, the total duration of the 
producing process was 18 days. This revealed that the total 
duration was considerably shortened as compared with the 
conventional case of using natural light (about 25 to 38 days) . 
<Exainple 2> 

Grafted seedlings were produced by grafting cucumber 
scions (name of variety: Encore 10) to cucumber rootstocks 
(name of variety: Hikari Power Gold) using the method of 
producing seedlings according to the present invention. The 
conditions of cultivating the stocks were, for both cucumber 
rootstocks and cucumber scions, 16 hours /day in photoperiod 
duration, 25°C in photoperiod temperature, 2 5^C in darkperiod 
temperature, 270 jamol/m^/s in luminous intensity in terms of 
the photosynthesis photon flux density, and 100 0 ppm in 
concentration of carbon dioxide gas. 

The conditions of welding the grafted seedlings after 

grafting were 16 hours/day in photoperiod duration, 25*^C in 
photoperiod temperature, 25°C in darkperiod temperature, and 
180 to 200 nmol/m^/s in luminous intensity in terms of the 
photosynthesis photon flux density. Incidentally, although 
the hole area rate of the vent holes in the light-transmitting 
shield was so adjusted to make the relative humidity and the 
concentration of carbon dioxide gas within the 
light-transmitting shield 95% and 200 ppm, respectively, in 
the light period immediately after grafting and 88% and 650 
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ppm, respectively, three days after the welding, the average 
concentration of carbon dioxide gas in the light period over 
the whole welding duration was 700 ppm. 

As a result, since the number of days required for the 
culture of stocks was seven days for both cucumber rootstocks 
and cucumber scions, and the number of days required for the 
welding after the grafting was six days, the total duration 
of the producing process was 13 days. This revealed that the 
total duration was considerably shortened as compared with 
the conventional case of using natural light (about 22 to 30 
days) . 

According to the present invention, since it enables the 
process from the culture of rootstocks and scions to welding 
of grafted seedlings after the grafting to be accomplished 
in a consistent process by using the same apparatus for 
producing seedlings, there is no need for a separate welding 
apparatus equipped with a waterproof structure and the initial 
cost and the running cost can be reduced. 

In welding the grafted seedlings, by covering the grafted 
seedlings with a light-transmitting shield provided with a 
plurality of vent holes, the relative humidity in the 
light-transmitting shield immediately after the grafting is 
raised by moisture evaporating from the rootstocks and the 
scions, and the rooting of the rootstocks and the scions is 
thereby facilitated. When the facilitation of rooting 
stimulates photosynthesis and invites a shortage of carbon 
dioxide gas in the light-transmitting shield, the air stream 
generated over each stage of the seedling culture shelf by 
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the fan causes gas exchange to be accomplished through the 
vent holes in the light-transmitting shield, and enables the 
carbon dioxide gas within the closed-type structure to be 
supplied into the light-transmitting shield to thereby 
replenish the inner space of the light-transmitting shield 
with carbon dioxide gas. 

Further, by providing means of varying the hole area rate 
of the vent holes in the light-transmitting shield, it becomes 
possible to finely and appropriately adjust the relative 
humidity and the concentration of carbon dioxide gas within 
the light-transmitting shield according to the phase of welding 
of the grafted seedlings. 

Moreover, by exposing the grafted seedlings to a luminous 
intensity higher than a conventional intensity during the 
welding of grafted seedlings, photosynthesis during the 
welding is facilitated. As a result, the acclimatization step 
is unnecessary, and it becomes possible to shorten the 
producing process of seedlings and to facilitate the growth 
of the seedlings after their fix planting. 

Although the foregoing description referred to a case 
in which an apparatus according to the present invention is 
used for a method of producing seedlings for the culture of 
stocks used for grafting and the welding and acclimatization 
of grafted seedlings, it can as well be used as a welding 
apparatus exclusively for the welding and acclimatization of 
grafted seedlings. 
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